Posttranslational modifications control FoxO3 activity during denervation.
Loss of muscle mass occurs in a variety of diseases including cancer, chronic heart failure, AIDS, diabetes, and renal failure, often aggravating pathological progression. The atrophy process is controlled by a transcriptional program that regulates the expression of a subset of genes named atrophy-related genes. The Forkhead Box O (FoxO) family of transcription factors plays a critical role in the atrophy program being sufficient and necessary for the expression of rate-limiting enzymes of ubiquitin-proteasome and autophagy-lysosome systems. Therefore, a fine regulation of FoxOs is critical to avoid excessive proteolysis and cachexia. FoxO activity can be modulated by different mechanisms including phosphorylation, acetylation, ubiquitination, and glycosylation. Here we show that FoxO3 is progressively acetylated during denervation and concomitantly atrogin-1, the bona fide FoxO3 target, is downregulated. FoxO3 interacts with the histone acetyl-transferase p300, and its acetylation causes cytosolic relocalization and degradation. Several lysine residues of FoxOs are known to be acetylated. To identify which lysines are critical for FoxO3 activity we have generated different FoxO3 mutants that either mimic or prevent lysine acetylation. We found that FoxO3 mutants that mimic acetylation show a decrease of transcriptional activity and cytosolic localization. Importantly, acetylation induces FoxO3 degradation via proteasome system. Between the different lysines, lysine 262 is critical for translocation of FoxO3. In conclusion, we provide evidence that FoxO3 activity is negatively modulated by acetylation and ubiquitination in a time-dependent and coordinated manner. This fine-tuning mechanism of FoxO3 regulation may be important to prevent excessive muscle loss and can be used as a therapeutic approach to counteract muscle wasting.